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Abstract
Well-known bound states in the continuum (BIC) are localized waves coexisting with
the continuous spectrum of radiating waves that can carry energy away, but, nevertheless,
are stable and not-decaying. A composite fermion formed by the three charged electron-
like leptons in BIC with the mass of about 207 electron masses, is studied. The structure
of the positive charged composite fermion is formed by the two positron and the electron,
(e+e+e−)BIC , and the negatively charged composite fermion is supposed as (e
−e−e+)BIC .
In this theory that is beyond the standard QED, the electron and positron is treated as
ordinary, different particles, each being characterized by the complete set of the Dirac plane
waves. Using the BetheSalpeter equation with account for the lowest order of the pair inter-
action for the three particles, the integral equation for the wave function of the composite
fermion is derived. Representation of the muon as the composite fermion from the three
charged electron-like leptons in BIC is analyzed. It is beyond the Standard Model in which
the unstable muon is structureless and is one of the fundamental particles. Only in the
case of considering the electron and the positron as ordinary, different particles, possible
decay channels of this massive composite fermion does not contradict the known properties
of the muons. The phenomenon of BIC for many-body systems may be very useful for
understanding some problems in particle physics.
Keywords: the composite particle, the bound states in the continuum; the Bethe-Salpeter
equation; muon; decay channels
1 Introduction
Bound states are generally characterized by negative energy eigenvalues or, in other words, the
mass defect. The condition for the composite particle state being a bound state with the energy
E, is [1, 2, 3]:
E <
∑
i
mic
2, (1)
where mi are the masses of the initial particles. The inequality (1) is based on the calculation
of the binding energies of the composite particles in nuclear physics. For the stable particle
this energy is real and together with the spatially localized wave function are the eigenvalue
and eigenfunction of a bound-state equation. If this equation is integral then it must be ho-
mogeneous. The inhomogeneous integral equation, such as the Bethe-Salpeter equation or the
LippmannSchwinger equation, is used, as a rule, to study the scattering of a group of particles
[4, 5].
The exception to this conventional wisdom about stable composite particles is bound states
in the continuum (BIC). These states are localized waves coexisting with the continuous spec-
trum of radiating waves that can carry energy away, but, nevertheless, are stable and not-
decaying [6]. For BICs the energy eigenvalues are positive, so that
E >
∑
i
mic
2. (2)
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BIC were first studied by von Neumann and Wigner in 1929 [7]. The problem formulated
in this work is follows. Let the particle moves in an external field that vanishes at infinity.
Its behavior is described by the Schrdinger Hamiltonian. One must find the potential energy,
at which the energy eigenvalue is positive, and the wave function corresponds to the spatially
localized state. It turned out that there are many possible solutions for this problem [6, 8].
In the nonrelativistic case it should be noted two important limitations to the existence
of BIC. First, for systems described by the Schrdinger equation the interaction between the
particles cannot be Coulomb one. It was found in [9] that for any number of particles, the
purely Coulomb Hamiltonians do not have BICs with positive eigenvalues. Second limitation,
for an particle with a finite mass that moves in a compact and finite potential (V (r) = 0 for
r > R, and V (r) 6= ±∞ everywhere), the single-particle Schrdinger equation has no solutions
for BICs with positive eigenvalues of energy.
First proposed in quantum mechanics, BICs then have been found in various fields of physics
including a wide variety of condensed and optic systems. The confinement mechanisms for these
states are fundamentally different from those of the conventional bound states (see the review
[6] and references therein).
Thus we can conclude that in nonrelativistic quantum mechanics BICs have been studied in
great detail. As far as we know, in quantum electrodynamics such states have not been supposed
or studied previously. The idea of the work is to try to apply this phenomenon of BICs to some
elementary particles. It should be noted that these particles are usually unstable but at the
same time, the energy of BICs is always real. However, in this approach, their metastability
cannot be related to the shortcomings of the confinement mechanisms for BICs. The decay of
composite particles should only be due to reactions between the initial particles.
In the present work we investigate formation of a stable massive fermion composed of several
light electron-like leptons. Moreover, it is assumed that the mass of composite particle is much
larger than the total mass of the initial leptons, that is
E >>
N∑
i=1
mic
2. (3)
For the composite fermions, the number of initial particles with the spin 12 must be odd, starting
with N = 3.
Of course, according to (3), this state, if exists, belongs to the class of BICs.
For the case N = 3, the structure of the positive charged composite fermion is formed by the
two positron and the electron, that is (e+e+e−)BIC . Similarly, the structure of the negatively
charged particle is represented as (e−e−e+)BIC . The interaction between these particles is
electromagnetic, and is given by the fine structure constant α = 1137 .
There are two important points to make here. First, as concerning for the compound
fermion mass, it cannot be an arbitrary quantity satisfying the inequality (3) with N = 3. Our
consideration makes sense only for the case when the composite particle mass is approximately
207 times that of the electron.
Second, assuming the stability of the composite particles of (e+e+e−)BIC and (e
−e−e+)BIC ,
we must certainly take into account the reaction between the electron and the positron. This
reaction will lead to metastability of the massive fermion with a certain decay time. In the
standard QED, the positron is considered as the antiparticle to the electron, and described by
the Feynman theory [10]. Then, this reaction is the conventional annihilation of the electron
and the positron. The latter process would have to lead to the possible decay of the composite
particle into the two particles, namely into the electron (or positron) and the photon. In that
case, our consideration would not make sense. The way out of this situation is that this unwanted
decay channel into the two particles must be fundamentally forbidden for certain reasons.
In the paper [11], the electron and positron are treated as ordinary, different particles, each
being characterized by the complete set of the Dirac plane waves. This completely symmetric
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representation is beyond the standard QED. In this approach, the conventional annihilation
between the electron and the positron, in which nothing remains of the electron and positron,
and the reaction products are just a few photons [12, 13], is prohibited [11]. Instead, there
should be a process that is, in a sense, similar to the conventional process of electron and
positron annihilation, but it has a fundamental difference from the latter. The reaction products
in this predicted process involve, together with emitted photons, the massless boson which is
formed by the strongly coupled electron-positron pair. Therefore, the composite massive fermion
formed by the three electron-like leptons ((e+e+e−)BIC or (e
−e−e+)BIC) cannot decay into two
particles, for example, into the lepton and the photon. In the decay reaction, at least three
particles including the massless boson, must be emitted.
The discussion of these two points, as well as of the real particle, which may be related to
the compound fermion, are postponed to the final section of the paper.
As will be established below, the confinement mechanism of the three light leptons in the
composite massive fermion state includes two components. First, a strong renormalization of the
interaction constant takes place on a certain surface in the momentum space of the interacting
particles. Second, these three particles are held relative to each other due to correlations in the
particle motions. This is reflected in the wave function of the composite particle.
Natural units (h¯ = c = 1) will be used throughout.
2 The used approach
There are problems with studying even two interacting fermions since the closed form of the
interaction function was, as far as we know, not obtained (see [14]). For the relatively small
interaction constants, as in the case of the electromagnetic interaction, the Bethe-Salpeter
equation in the ladder approximation is an effective and unique tool allowing us to study bound
states in the framework of quantum electrodynamics [15, 16, 17, 18, 19, 20].
In relativistic mechanics, various approaches have been developed for three-body problems
[21, 22, 23, 24, 25]. However, like many cases of the two-body problem, the three-body equations
often do not admit the transition to the Schrdinger equation in the nonrelativistic limit. But
it is important for us that the non-relativistic asymptote occurs. Otherwise, it is difficult to
understand the normal or abnormal states were found.
The Bethe-Salpeter equation which was derived by summation of particle interaction di-
agrams [14], can be used for our purpose. We consider the three particle system with the
electromagnetic interaction between the particles, and restrict ourselves to the lowest order of
the pair interaction function. In addition, we shall neglect the retardation of the interaction.
3 The equal-time Bethe-Salpeter equation
We treat the electron and the positron as ordinary, different particles, each being characterized
by the complete set of the Dirac plane waves. Only in this case, the free three-particle propagator
can be written as:
G =
∑
p1,p2,p3
1
8εp1εp2εp3
eip1(r1−r
′
1
)+ip2(r2−r′2)+ip3(r3−r
′
3
)
[
Λ+1 (p1)e
−iεp1 (t−t
′) +Λ−1 (p1)e
+iεp1 (t−t
′)
]
[
Λ+2 (p2)e
−iεp2 (t−t
′) + Λ−2 (p2)e
+iεp2 (t−t
′)
][
Λ+3 (p3)e
−iεp3 (t−t
′) + Λ−3 (p3)e
+iεp3 (t−t
′)
]
(4)
Here
Λ±i (pi) = εpi ±αipi ±mβi (5)
for i = 1, 2, 3 and the α and β matrices are taken in the standard representation.
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The Fourier transformation of (4) is given by:
G(r1 − r
′
1, r2 − r
′
2, r3 − r
′
3;E) =
∑
p1,p2,p3
1
8εp1εp2εp3
eip1(r1−r
′
1
)+ip2(r2−r′2)+ip3(r3−r
′
3
)
[ Λ+1 Λ+2 Λ+3
E − εp1 − εp2 − εp3
+
Λ+1 Λ
+
2 Λ
−
3
E − εp1 − εp2 + εp3
+
Λ+1 Λ
−
2 Λ
+
3
E − εp1 + εp2 − εp3
+
Λ+1 Λ
−
2 Λ
−
3
E − εp1 + εp2 + εp3
+
Λ−1 Λ
+
2 Λ
+
3
E + εp1 − εp2 − εp3
+
Λ−1 Λ
+
2 Λ
−
3
E + εp1 − εp2 + εp3
+
Λ−1 Λ
−
2 Λ
+
3
E + εp1 + εp2 − εp3
+
Λ−1 Λ
−
2 Λ
−
3
E + εp1 + εp2 + εp3
]
(6)
Here the value E is understood as E + iδ where E is the real energy of the stable composite
particle and δ is 0+.
Along with the Coulomb interaction, interactions through the vector potential should be
taken into account. Using (6), the equal-time Bethe-Salpeter equation for the composite particle
at rest is written as:
ψ(r1, r2, r3;E) = α
∫
dr′1
∫
dr′2
∫
dr′3G(r1 − r
′
1, r2 − r
′
2, r3 − r
′
3;E).
(
1−α1α2
|r′1 − r
′
2|
−
1−α1α3
|r′1 − r
′
3|
−
1−α2α3
|r′2 − r
′
3|
)
ψ(r′1, r
′
2, r
′
3;E) (7)
Here α is the fine structure constant.
In the nonrelativistic limit, for a small and negative value of E−3m, so that |E−3m| << m,
the first term in square brackets in Eq.(6) should only be taken into account. Then using (5)
and (6), Eq. (7) is reduced to the Schrdinger equation for the three-body problem.
For the massive composite fermion with the mass of 207m, the characteristic value εpi >> m.
Hence, in Eq. (5) the terms mβi can be omitted. Then we have:
Λ±i (pi) = piκ
±
i (8)
with
κ±i = 1±niαi (9)
and the unit vectors ni = pi/pi. As a result, the propagator (6) is reduced to the form:
G(r1 − r
′
1, r2 − r
′
2, r3 − r
′
3;E) =
1
8
∑
p1,p2,p3
eip1(r1−r
′
1
)+ip2(r2−r′2)+ip3(r3−r
′
3
)
[ κ+1 κ+2 κ+3
E − p1 − p2 − p3
+
κ+1 κ
+
2 κ
−
3
E − p1 − p2 + p3
+
κ+1 κ
−
2 κ
+
3
E − p1 + p2 − p3
+
κ+1 κ
−
2 κ
−
3
E − p1 + p2 + p3
+
κ−1 κ
+
2 κ
+
3
E + p1 − p2 − p3
+
κ−1 κ
+
2 κ
−
3
E + p1 − p2 + p3
+
κ−1 κ
−
2 κ
+
3
E + p1 + p2 − p3
+
κ−1 κ
−
2 κ
−
3
E − p1 + p2 + p3
]
(10)
For the state under investigation, this propagator (10) should be used in Eq. (7).
4 Eq. (7) in the center-of-mass system
We introduce the new variables:
3R = r1 + r2 + r3, r
∗
1 = r1 − r3, r
∗
2 = r2 − r3. (11)
Here r1 and r2 are the radius-vectors of the both electrons, and r3 is the positron radius-
vector. According to (11), the radius-vectors of both the electrons are counted from the positron
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position. Further, the superscript for the variables r∗1,2 is omitted. Using (11), Eq. (7) with
account for Eq. (10) takes the form:
ψ(r1, r2;E) =
α
8(2pi)6
∫
dr′1
∫
dr′2
∫
dp1
∫
dp2e
ip1(r1−r′1)+ip2(r2−r
′
2
)
[ κ+1 κ+2 κ+3
E − p1 − p2 − p3
+
κ+1 κ
+
2 κ
−
3
E − p1 − p2 + p3
+
κ+1 κ
−
2 κ
+
3
E − p1 + p2 − p3
+
κ+1 κ
−
2 κ
−
3
E − p1 + p2 + p3
+
κ−1 κ
+
2 κ
+
3
E + p1 − p2 − p3
+
κ−1 κ
+
2 κ
−
3
E + p1 − p2 + p3
+
κ−1 κ
−
2 κ
+
3
E + p1 + p2 − p3
+
κ−1 κ
−
2 κ
−
3
E + p1 + p2 + p3
]
(
1−α1α2
|r′1 − r
′
2|
−
1−α1α3
r′1
−
1−α2α3
r′2
)
ψ(r′1, r
′
2;E) (12)
Here p3 = |p1 + p2|, and the unit vector
n3 = −
p1 + p2
|p1 + p2|
. (13)
We assume that both electrons are in the singlet state, and that the composite particle wave
function can be presented the following form:
ψ = F (r1, r2)S, (14)
where S is the three-particle bispinor part of the wave function, and the function F (r1, r2) is
symmetric with respect to the permutations r1 and r2.
Note that even for the two-electron system, the bispinor part of the wave function cannot
be written [14]. This difficulty is caused by the interaction between particles. For the three-
particle system Eq. (12) needs to be simplified. Below, the following approximations are used.
Eq. (12) contains the three terms 1 − αiαj 6=i. This is the relativistic generalization of the
classical expression 1 − vivj for the interaction of particles through the vector potential. Here
vi,j is the velocities of the particles. Indeed, the velocity operator is defined as v = i[H, r].
Substitution of the Dirac Hamiltonian as H into this expression leads to v = α. For the state
under investigation these velocities differ little from the speed of light in vacuum. Using the
relativistic relationship between the velocity of the particle and its momentum in the limit
p1,2 >> m, we apply the replacement:
1−αiαj 6=i → 1− ninj, (15)
where ni=1,2,3 are the unit vectors, ni = pi/pi.
Now back to the definitions (9). In our consideration,
niαi =
pi
pi
vi
c
= 1 (16)
for i = 1, 2, 3. Then, using (16), we have: κ+i = 2 and κ
−
i = 0.
Taking into account Eqs.(13)-(16), Eq. (12) is rewritten as:
F (r1, r2) = α
∫
dr′1
∫
dr′2D(r1 − r
′
1, r2 − r
′
2;E)
(
1− n1n2
|r′1 − r
′
2|
−
1− n1n3
r′1
−
1− n2n3
r′2
)
F (r′1, r
′
2),
(17)
where the function D is given by:
D(x1,x2;E) =
∫
dp1
(2pi)3
∫
dp2
(2pi)3
eip1x1+ip2x2
1
E − p1 − p2 − |p1 + p2|+ iδ
. (18)
Solutions of the integral equation (17) must be sought in the basis of symmetric functions,
F (r1, r2) = F (r2, r1).
5
5 The equations in the momentum space
Using the representation
1
r
=
2
(2pi)2
∫
dk
k2
eikr,
the Fourier-transformed Eq. (17) is given by:
F (p1,p2) =
1
2pi2
α
E − p1 − p2 − |p1 + p2|+ iδ
[
(1−n1n2)
∫
dk
k2
F (p1−k,p2+k)−(1−n1n3)
∫
dk
k2
F (p1−k,p2)−(1−n2n3)
∫
dk
k2
F (p1,p2−k)
]
.
(19)
Eq. (19) is the homogenous integral equation for BIC. The complex function before the
square bracket,
g(3) =
1
E − p1 − p2 − |p1 + p2|+ iδ
(20)
leads to an increase in the interaction intensity in the three-particle system.
In nonrelativistic case of the single particle motion with the mass m in the external field,
the similar function can be introduced,
g(1) =
1
E − εp + iδ
.
For the conventional bound states the energy eigenvalues are negative, E−m < 0. As a result,
the function g(1) has no poles, and iδ can be omitted. For BICs [6, 8] the energy of this localized
state E −m > 0. Then the function g(1) has a single simple pole, εp = E, and iδ is significant.
For the system of two interacting particles the similar function takes the form:
g(2) =
1
E − εp1 − εp2 + iδ
.
In the nonrelativistic case the two-particle problem is reduced to single-particle one. Conse-
quently, for the function g(2) we have the same situation as for g(1).
For BIC the region of simple poles of the function (20) is the 3D surface in the two particle
momentum space, as demonstrated in Fig. 1. The presented data correspond to the composite
fermion mass E = 207m. On this 3D surface the interaction between the particles is strongly
renormalized. Besides, these three particles are held relative to each other due to correlations
in the particle motions. In Eq. (19) these correlations are represented by (1 − ninj). Both of
these factors, the renormalized interaction and the correlations in the particle motions, can lead
to the confinement of the particles in BIC.
The solution of the integral equation (19) is sought in the form:
F (p1,p2) =
√
δ
pi
Q(p1,p2)
E − p1 − p2 − |p1 + p2|+ iδ
. (21)
From Eq. (21) we obtain the two-particle probability density:
|F (p1,p2)|
2 = |Q(p1,p2)|
2δ(E − p1 − p2 − |p1 + p2|). (22)
One can see that the two-particle probability density |F (p1,p2)|
2 is defined only on the
surface sheet presented in Fig. 1. Nevertheless, the function Q(p1,p2) that is symmetric with
respect to the permutation p1 and p2, can be defined outside this sheet as well.
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Figure 1: The surface sheet on which E − p1 − p2 − |p1 + p2| turns to zero. The composite fermion mass E = 207m.
The function F (p1,p2) should be normalizable. Using Eq. (22), we obtain:∫
dp1
∫
dp2|Q(p1,p2)|
2δ(E − p1 − p2 − |p1 + p2|) = 1. (23)
The function Q(p1,p2) satisfies the equation:
Q(p1,p2) =
α
2pi2
[
(1−
p1
p1
p2
p2
)
∫
dk
k2
Q(p1 − k,p2 + k)
E − |p1 − k| − |p2 + k| − p3 + iδ
−(1 +
p1 + n1p2
|p1 + p2|
)
∫
dk
k2
Q(p1 − k,p2)
E − |p1 − k| − p2 − |p3 + k|+ iδ
−(1 +
p2 + n2p1
|p1 + p2|
)
∫
dk
k2
Q(p1,p2 + k)
E − p1 − |p2 + k| − |p3 − k|+ iδ
]
. (24)
Here p3 = −(p1 + p2), n1 = p1/p1, n2 = p2/p2, and, as usual, (x + iδ)
−1 = P (x−1) − ipiδ(x),
where P is the principal value of the function. It means that P (x−1) = 0 for x = 0.
The following should be noted here. In the nonrelativistic approximation, Eq. (19) is
rewritten as:
F (p1,p2) =
1
2pi2
α
E − 3m−
p2
1
+p2
2
+p2
3
2m
∫
dk
k2
[
F (p1 − k,p2 + k)−F (p1 − k,p2)−F (p1,p2 − k)
]
.
(25)
This integral equation is reduced to the usual form of the Schrdinger equation with the pair
Coulomb interactions between the particles. A well-known theorem states that the purely
Coulombic Hamiltonians have no positive energy eigenvalues [9]. Hence, E − 3m < 0 for Eq.
(25). Note that this theorem can be applied to Hamiltonian forms exclusively.
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Notably, the integral equation (19) cannot be reduced to the Schrdinger differential equation.
That is, for (19) this theorem [9] is not applicable. Below, having made an assumption regarding
correlations in the particle motions, the equation (19) is reduced to a form that can be solved
relatively easily.
5.1 Speculative solution of Eq. (19)
Suppose that upon the motion of the particles in BIC, the momenta of the two electrons, p1
and p2 have the same direction. Then, according to (19), the interaction between the electrons
vanishes since their Coulomb interaction is completely compensated by the interaction through
the vector potential, (1 − n1n2) = 0. Because p3 = −(p1 + p2), the momenta directions of all
the three particles are uniquely defined. Hence, Eq. (19) is rewritten as:
F (p1,p2) = −
1
2pi2
α
E − 2p1 − 2p2 + iδ
∫
dk
k2
[
F (p1 − k,p2) + F (p1,p2 − k)
]
. (26)
Under this assumption, the correlations in the particles motion are reduced to the same direc-
tion of the electron momenta, and the positron momentum has the opposite direction. The
renormalization of the interaction constant occurs only on the line
p1 + p2 =
1
2
E. (27)
on the plane (p1, p2). This line (27) is a trace on the plane from the surface shown in Fig. 1, at
zero angle between electrons’ momenta.
The solution (26) is sought in the previous form (21). Then, the particles’ probability density
is given by:
|F (p1, p2)|
2 =
1
2
|Q(p1, p2)|
2δ(p1 + p2 −
1
2
E). (28)
One can see that the function |F (p1,p2)|
2 is defined only on the line (27). Nevertheless, the
function Q(p1, p2) is defined outside this line as well. We have:
Q(p1,p2) = −
α
pi2
∫
dk
k2
[ Q(p1 − k,p2)
E − 2|p1 − k| − 2p2 + iδ
+
Q(p1,p2 − k)
E − 2p1 − 2|p2 − k|+ iδ
]
. (29)
From (29), it is easy to see that Q(p1, p2) is defined in the square [0 ≤ p1 ≤
1
2E, 0 ≤ p2 ≤
1
2E].
In Eq. (29) the pole function has the representation:
1
E − 2|p1 − k| − 2p2 + iδ
=
P
E − 2|p1 − k| − 2p2
− ipiδ(E − 2|p1 − k| − 2p2), (30)
where P means the principal part of the function. In Eq. (30) the δ-function appeared only due
to the fact that the composite particle represents BIC. For the conventional bound states, this
function never arises, and only the principal part of the function plays a role in calculations of
the bound states. Note that the principal value of the function (30) is sign variable, but the
δ-function part is not. For this reason, the principal part of the function is neglected. Then,
Eq. (29) is rewritten as:
Q(p1,p2) =
iα
pi
∫
dk
k2
[
Q(p1−k,p2)δ(E−2|p1−k|−2p2)+Q(p1,p2−k)δ(E−2p1−2|p2−k|)
]
.
(31)
Since p1 and p2 have the same direction, Eq. (31) is reduced to the form:
Q(p1, p2) = 2iα
[
(
E
2
− p2)Q(
E
2
− p2, p2)
∫ ∞
0
dk
∫ +1
−1
dtδ[(
E
2
− p2)
2 − p21 − k
2 + 2kp1t]
8
+(
E
2
− p1)Q(p1,
E
2
− p1)
∫ ∞
0
dk
∫ +1
−1
dtδ[(
E
2
− p1)
2 − p22 − k
2 + 2kp2t]. (32)
After calculations of the integrals in (32), we have:
Q(p1, p2) = iα
[ 1
2E − p2
p1
ln
p1 − p2 +
1
2E
|p1 + p2 −
1
2E|
Q(
E
2
− p2, p2)
+
1
2E − p1
p2
ln
p2 − p1 +
1
2E
|p1 + p2 −
1
2E|
Q(p1,
E
2
− p1)
]
. (33)
Here p1 ≤
1
2E and p2 ≤
1
2E. Since the wave function of the composite fermion should be
normalizable, the function Q(p1, p2) satisfies the equation:
23pi2
∫ E/2
0
p21dp1
∫ E/2
0
p22dp2|Q(p1, p2)|
2δ(p1 + p2 −
1
2
E) = 1. (34)
It should be noted a very unusual situation with the wave function of the composite particle.
Normalization of the wave function is performed not over the whole region of its definition, but
only over a very limited part of this region that is the line (27). However, in the whole region,
that is in the square [0 ≤ p1 ≤
1
2E, 0 ≤ p2 ≤
1
2E], the values of this function are not arbitrary,
but are determined by the equation (33).
Of course, when studying the decay of the composite particle or its interaction with other
particles, integrals over the whole region of the wave function definition will need to be calcu-
lated. For these purposes, the solution of Eq. (33) with the condition (34) will be required.
Below, in the next Section, we argue that the phenomenon of BIC for many-body systems
may be very useful for understanding some problems in particle physics.
6 Discussion and Conclusion
Among the fundamental particles [26], particular attention is drawn to the particle from the
lepton family, namely the muon, which is known to be unstable. The fact that an unstable
particle is placed among the fundamental ones is, in our opinion, strange but there is no other
place for the muon in the Standard Model.
Currently, the muons are presented as structureless [27]. The muon mass is 207 times the
electron mass, and its lifetime of approximately 2.2 µs. It is generally accepted that during its
decay the electron, the muon neutrino, and the electronic antineutrino are generated. As we
understand, such the muon decay reaction presented is rather the theoretical scheme. The fact
that the decay products are mostly three particles follows from conservation laws. However, as
we know, except for the electron, it is hardly possible to detect experimentally both neutrinos
during the decay [28], if these particles were at all not detected in this reaction.
The problem of interest to us is whether the muon can be considered as the composite
fermion formed by three charged electron-like leptons. These three particles are in BIC and the
mass in this state is 207 times the electron mass. The structure of the positive charged muon is
represented by the two positron and the electron, that is µ+ = (e+e+e−)BIC . The structure of
the negatively charged muon is corresponded to µ− = (e−e−e+)BIC . Accordingly, the results
obtained in Section 5 are used to describe this muon structure.
On this way, the following objections related to the muon decay, may arise. With hope to
discover new physics, experiments have been conducted to search for decay processes, which are
very suppressed or forbidden in the framework of the Standard Model. In this regard, many
groups (see [29] and references therein) have searched experimentally for muon decays according
to the reactions:
µ± → e−e+e± (35)
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and
µ± → e±γ. (36)
These reactions (35) and (36) are not prohibited by the laws of conservation of momentum and
energy. However, the searches for these reactions are still unsuccessful up to now. Only very
low values of the upper bounds of these reactions were experimentally obtained. Of course, in
the Standard Model these reactions are forbidden due to lepton flavor violation.
With respect to the reaction (35), its prohibition is, generally speaking, not required lepton
flavor conservation, since the states of the composite particles µ± = (e+e−e±) are considered to
be BIC. These states are localized waves coexisting with the continuous spectrum of radiating
waves that can carry energy away, but, nevertheless, are stable and not-decaying [6]. Due to
the confinement mechanism of the three leptons in this composite massive fermion state, the
energy eigenvalues are real and positive, as in Eqs. (19) and (24). So, the decay (35) does not
occur for the composite particle.
The main difficulty is related to the decay channel (36) that is unwanted one in our approach.
In the standard QED the positron is described by the Feynman theory [10]. In accordance with
the central particle-antiparticle concept, the conventional annihilation reaction of the electron
and the positron which is considered as the antiparticle of the electron, is predicted:
e−e+ → 2γ (37)
for the singlet electron-positron pair. In this process nothing remains of the electron and
positron, and the reaction products are just a few photons [10, 12, 13]. If the reaction (37) really
takes place in nature, then the reaction (36) or, in other words, the unwanted decay channel
must also take place for the composite particles (e+e−e±)BIC . As a result, our description of
the muon structure is unacceptable.
Thus, our consideration of the muons as µ± = (e+e−e±)BIC can only make sense if the
reaction (37) is prohibited for certain reasons. At first, these reasons will be listed below.
Then, let’s understand, although this sounds very strange, but whether this reaction (37) was
previously observed in available experiments.
In the approach developed in [11], the electron and positron are treated as ordinary, dif-
ferent particles, each being characterized by the complete set of the Dirac plane waves. This
completely symmetric representation that is beyond the standard QED, makes it necessary to
choose another solution of the Dirac equation for the free particle propagator as compared to
that used currently. In the vacuum state the lower continua for each of these particles are
completely filled and the upper continua are not occupied. Then this vacuum state is charge-
neutral and stable. The latter is due to the fact that the annihilation of the electrons and
the positrons in the negative-energy states is forbidden by the energy conservation law since
δ(εel + εpos −
∑
the photon energies) ≡ 0 when both the electron energy εel and the positron
energy εpos are negative.
In this approach, the reaction (37) is prohibited [11]. Instead, the reaction between the
electron and positron involves, together with emitted photons, the massless boson which is
formed by the strongly coupled electron-positron pair. This annihilation-like process between
the electron and the positron can be represented as follows:
e−e+ → Bγ1γ2, (38)
where B denotes the spinless, massless composite boson, and γ1,2 are the two photons emitted.
Since the three particles are the products of this reaction, the 2γ angular correlation spectrum for
(38) must have the fundamental width. For non-relativistic colliding beams of spin-polarized
electrons and positrons with the center of mass at rest for the interacting pairs 2γ angular
correlation spectrum is characterized by a narrow peak with the full-width-at-half-maximum
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not exceeding 0.2 mrad. Note this width is minimal. In the case of (38), the decay of the muons
should be follows:
µ± → e±Bγ, (39)
and the other channel:
µ± → e±B1B2. (40)
For the reaction (37) there is no fundamental width in the 2γ angular correlation spectrum.
The singlet pair of the free particles with the center of mass at rest is, with the greatest
probability, converted into two photons, which, due to the momentum conservation, should
be emitted at the angle of 1800 to each other. That is, the 2γ correlation spectrum must be
∝ δ(θ − pi), θ is the angle between the photons momenta. Of course, this has never been
observed.
Apparently, the first observations of the annihilation of electronpositron pairs were published
in [30, 31, 32, 33, 34]. The first detailed experimental measurements of the 2γ angular correlation
spectrum were carried out in [35]. These authors showed that the two quanta emitted in opposite
directions within one degree. Then many works were appeared in which the annihilation of
positrons in condensed and gaseous matters was studied [36, 37, 38, 39, 40, 41, 42, 43, 44, 45].
In these experiments on the low-energy positron annihilation the center of mass of annihilating
pairs is usually in motion with respect to an observer. Then the angle between the photon
directions departs from 1800 by an amount of the order of vcm/c, where vcm is the velocity of
light. Hence, the annihilation angular correlation spectra of the 2γ radiation are characterized
by finite widths as well. Moreover, the published widths of 2γ angular correlation spectrum
are significantly larger 0.2 mrad. So, in metals, the characteristic values of these widths are
approximately equal to 4 mrad [46].
After that, having no doubt that in the nonrelativistic case the conventional annihilation
occurs, experiments began to be carried out with colliding beams of electrons and positrons
with the particle energies of hundreds of keV and higher. If the 2γ spectra would be measured,
then the spectral widths would be significantly larger compared to the fundamental width. The
reason for this is the experimental energy-direction distributions of the particles in the beams.
Thus, in the well-known experiments on the electron-positron reaction it is not possible
to distinguish the reaction (38) from the conventional annihilation (37). The conventional
annihilation possibly takes place, but experimental evidence that the reaction products are
only two particles but definitely not three particles, was not obtained. Then we conclude that
our treatment of the muon as the composite fermion formed by three charged electron-like
leptons that are in BIC with the mass equal to 207electron masses, does not contradict the
well-known results.
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